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Fermilab

* Design Motivation
* Implementation
— Production Solenoid
— Magnet system
— Transport Solenoid
— Stopping target and Detector Solenoid

— Cosmic Ray Veto
— Shielding

05 March 2015 D. No. Brown - Mu2e Apparatus 2



Design Motivation

e Muons at rest convert to electrons

— Electrons from conversion detected
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Design Motivation
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* Muons at rest convert to electrons
— Electrons from conversion detected

05 March 2015 D. No. Brown - Mu2e Apparatus 4



Design Motivation
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* Muons at rest convert to electrons
— Electrons from conversion detected
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Design Motivation

And have needed recoil partner

Practically, this implies need
for a “stopping” target to
capture muons so that they
are at rest.

* Muons@t resbconvert to electrons
— Electrons from conversion detected
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* Muons deposited in stopping target, captured

* Muons at rest convert to eIectrons
— Electrons from conversion detected
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Design Motivation

Low momentum beam must be
selected for delivery to stopping
target 1

* Muons deposited in stopping target, captured

* Muons at rest convert to eIectrons
— Electrons from conversion detected
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 Muons transported cleanly to stopping target
* Muons deposited in stopping target, captured

* Muons at rest convert to eIectrons
— Electrons from conversion detected
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Design Motivation

Transport system must select low
momentum muons and move them away

from high-flux, high-energy region toward
the stopping target

 Muons transported cleanly to stopping target
* Muons deposited in stopping target, captured
 Muons at rest convert to electrons

— Electrons from conversion detected
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e Spurious radiation suppressed

* Muons transported cleanly to stopping target
* Muons deposited in stopping target, captured
 Muons at rest convert to electrons

— Electrons from conversion detected
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Not only the extra muons, but the particles necessarily
associated with their production, plus a frothy bath of
thermal neutrons and photons need to be kept away
from the detectors as much as possible.

r
Spurious radiation suppressed

Jacuzzi.com

Muons transported cleanly to stopping target

Muons deposited in stopping target, captured
Muons at rest convert to electrons N

— Electrons from conversion detected \6\0
&
>3
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“trapped” to produce muons
e Spurious radiation suppressed
* Muons transported cleanly to stopping target
* Muons deposited in stopping target, captured
 Muons at rest convert to electrons

— Electrons from conversion detected
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Design Motivation

Produce muons via —> UV,

“trapped” to produce muons
e Spurious radiation suppressed
* Muons transported cleanly to stopping target
* Muons deposited in stopping target, captured

* Muons at rest convert to electrons

— Electrons from conversion detected

Fnal.gov
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* Protons on production target to produce
“trapped” to produce muons

e Spurious radiation suppressed

* Muons transported cleanly to stopping target

* Muons deposited in stopping target, captured

* Muons at rest convert to electrons

— Electrons from conversion detected

Fnal.gov
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> Fermilab

. on production target to produce

“trapped” to produce muons

e Spurious radiation suppressed
 Muons transported cleanly to stopping target
* Muons deposited in stopping target, captured

* Muons at rest convert to electrons

— Electrons from conversion detected

Fnal.gov

05 March 2015 D. No. Brown - Mu2e Apparatus



T

Design Motivation "M

— Fermilab

'on productio - |

Pions “trapped” to prc

Recycler Ring

Recycler to P1 connectlon

AR
A
Muons tran @ e
. 6’.0(\% A< 'ﬁIOVAinjection
* Muons~~ s¢".ced in ta Ry R
Z \ N 4
N \
* M o «Trest convert
c)\
e(\

c‘ﬂ:ﬁ Muon Campus
L 07w NGl

05 March 2015 D. No. Brown - Mu2e Apparatus 17



Implementation

Overview

Production Solenoid (PS) “‘oeam

Calorimeter a4

Production TargetG Tracker
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Detector Solenoid (DS)

Transport Solenoid (TS)

05 March 2015 D. No. Brown - Mu2e Apparatus 18



Implementation

Overview

05 March 2015 D. No. Brown - Mu2e Apparatus 19



* Axial field gradient sweeps particles downstream, toward
detectors
* Improves collection efficiency
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Implementation

Overview

Production Solenoid

Production TargetG
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Detector Solenoid (DS)

Transport Solenoid (TS)
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Remote Handling

Area \

Proton Beam

Dump

Production
Solenoid
Hatch

05 March 2015

Target

Protection

Collimator —

Detail seen here is present in models
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wgf Mze Production Solenoid (PS)

Production Target PS Coils

m pipe

Production Target
assembly

* “Microbunch” of protons delivered every 1700 ns
* Protons on production target produce a spray of particles
* Highest energy escape to beam dump. Low energy
reflected by magnetic field gradient, swept
downstream
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Implementation

Overview

Production Solenoid (

prote”
Production Target Calorimeter <
Tracker
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Detector Solenoid (DS)

Transport Solenoid (4S)
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Transport System

e ‘S’ bend solenoid transports
charged particles
* no line-of-sight to detector
 Bend induces momentum,
charge-dependent vertical shift
* Reversed by 2nd bend
* Asymmetric collimator rejects
positive and high-momentum
particles
* Can be rotated to select
positive particles
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Implementation

Overview

Production Solenoid (PS) pea™

Production Target i

- et YN ey -
SR\ L L D S
= T
Nl 55
) - 5

proto”

Calorimeter 4

Tracker
Stopping Target £ D

|||||||
1)

Detector Solenoid (DS
Transport Solenoid (TS) etector Solenoid (DS)

05 March 2015 D. No. Brown - Mu2e Apparatus 26



@ Downstream/Detector Solenoid

» Stopping target in which conversion will take place
* Seventeen 200 micron thick, ~13-16 cm diameter Aluminum
disks

* ~10° stopped muons per each 1700 ns bunch period

—All
~ Stopped muons

1 1 1 1 1 1 1 L 1 Il 1 Il 1
0 20 40 60 80 100 120
Muon momentum (MeV/c)
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”:-Mvz_e Downstream/Detector Solenoid

1,695 ns
* Timing is critical
Prompt flash
— proton beam /
parameters tied
to detection Live Search Window

J 700 ns ’I‘ 995 ns 4>| Time
Large flux of particles — »1290 NS

< —>€ >
don’t collect dat
on't collect data Prompt backgrounds mostly

gone, accept data from muon
~1071% decay

# p not in tbunch

Extinction = .
# p 1n ubunch
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Downstream/Detector Solenoid

Tracker

ettt v

particles near the
conversion peak. Also
e ettt provides timing
information.

e L SHLL—

< — >

J——

« 18 stations of double-layer straw tubes

 Low mass — on average, ~1% radiation length traversed by electron

* Timing resolution ~100 ps, position resolution O(1 cm) per hit
* Momentum resolution ~180 keV/c for 105 MeV/c tracks
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@ Downstream/Detector Solenoid

* A tracker plane is made of arrays of straw
drift tubes (shown in red and blue)

* Low mass and reliable operation in
vacuum; Robust against single-wire
failure

 Two planes rotated by 30° form a station.
Over 20,000 straws in all.

* Blind to beam flash and most low-
momentum background.

Straw
R D, So low momentum tracks from
- q_B decays in orbit not seen in
tracker
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Downstream/Detector Solenoid

Calorimeter

e Calorimeter role:
* Provide independent Calorimeter Disks
measurement of
* Energy: O(5%)
* Time: O(0.5 ns)
* Position: O(1 cm)
* Particle identification
* Seed for track finding algorithm
* Independent trigger from tracker

* Crystal type: Barium flouride (BaF,)
* Radiation hard, non-hygroscopic
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Implementation

Overview

Production Solenoid (PS) “‘oeam

— y

Detector Solenoid (DS
Transport Solenoid (TS) etector Solenoid (DS)
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Cosmic Ray Veto (CRV)
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Cosmic Ray Veto (CRV)

* Cosmic Ray Veto made of layers of plastic scintillator bars
surrounding detectors and transport region.

* Time resolution ~5ns

* Veto efficiency over 99.99%

Need to evaluate
Effects of edges and
pass-throughs
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Shielding

Extensive shielding protects downstream
Detectors from upstream (mainly) particles
As well as from pervasive thermal neutrons
And photons.

Protection from neutrons particularly
Critical for the CRV

Detailed software mode
allows us to explore
“features” such as cracks
and gaps
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Fermilab

 Mature design of Mu2e
motivated by physics

* Models at significant detail
level exist

— Software and apparatus design
form a loop: each informs the
other.

* A lot of thinking has gone into
this apparatus

The Thinker, Rodin, at the University of Louisville
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Each proton microbunch creates a large
flux of particles

\Stopping

Target

Production
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